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Lord Rayleigh and H. S. Jones The Light of the Night-Sky: Analysis of the Intensity Variations at Three Stations By Lord R a yleigh, F.R.S., and H. Spencer J ones, F.R.S., Astronomer Royal (. Received April 17, 1935) The present paper may be regarded as a continuation and elaboration of previous papers.* A description of the instruments and methods is given in these papers, and it is not proposed to repeat it here. It will be sufficient to state that the light of the night sky was analysed by appropriate colour filters into three spectral regions. The central one is designed to transmit the yellowgreen light of the auroral line X 5577 with as little else as may be. The others transmit red and blue regions of the spectrum to the exclusion of this line. The light transmitted is equated to an artificial self-luminous source, consisting of potassium uranyl sulphate, which is fluorescent under the radioactivity of the contained uranium. Neutral glasses of graded density are used to secure a photometric balance. These glasses have densities (log10 opacity) of 0-1, 0-2, 0 -3 ,..., etc.-from one glass to the next is an increase of one unit on the scale of brightness adopted.
T he O bservations at the T hree Stations
Two instruments have been used at Terling. One, marked O, has red, auroral, and blue filters, though only the auroral filter has been used in have caused a discontinuity in the series of observations in 1926 October, but no data are available for deriving a comparison between the two sites. The observations comprising the series under discussion were shared by six observers, Dr. Duffield, Mr. Rimmer, Mr. Kennedy, Mr. Higgs, Mr. Allen, and Mr. Duncanson. Until 1927 October, the observa tions were mostly made by Mr. Kennedy. As he then left the Observa tory, there are no observations made by him subsequent to this date-From 1927 October to 1929 May, the observations were more or less equally shared by Dr. Duffield, Mr. Allen, and Mr. Higgs. From 1929 June to the end of the series, the observations were made, with few exceptions, by Mr. Higgs. No material is available for determining systematic differences between the several observers, so that the series is not so homogeneous as the Terling and Cape series; discontinuities of uncertain amount, arising from the change of site and changes of observers, are probable. The standard instrument used at Canberra was No. 10; instrument No. 4 was also used occasionally. No direct com parisons between the two instruments were made, but all observations with No. 4 were reduced to the basis of No. 10 by the application of the corrections determined by Lord Rayleigh in the laboratory. In deriving the mean values given in Table lb , equal weight was given to the observa tions on each night, irrespective of whether one or more observers obtained observations or whether one or two instruments were used.
Two instruments, designated Nos. 1 and 11, were also used at the Cape during a portion of the period covered by the observations (1927 May to 1928 . No. 1 was used throughout the series, and was regarded as the standard instrument. With few exceptions, observations through out were made by Dr. H. Spencer Jones, but for the period in which the two instruments were used, Mr. R. W. Woodgate also co-operated in the observations. On many nights observations were obtained simul taneously by the two observers first with one instrument and then with instruments interchanged. Though bias might enter into the observations by the same observer with the second instrument, the observations by the two observers were free from bias as neither observer knew the value obtained by the other. On other nights, each observer used one instru ment only, but the two instruments were frequently interchanged. The comparison of the simultaneous observations with the two instruments enables the personal differences between the observers and the systematic differences between the two instruments to be derived. Observations of the brightness in all three components were always obtained.
From the results of about 100 comparisons, corrections have been applied to Mr. Woodgate's observations to reduce them to the basis of those made by Dr. Spencer Jones, as standard observer, of -0-3 in red light and o f 4-0-2 in both auroral and blue light. The correction to be applied to the observations with instrument No. 11 to reduce to the basis of No. 1 is -0*80 in all components. These corrections have been applied to Teduce all observations to the basis of instrument No. 1 and the standard observer. Equal weight has been given to each night's observations, whether one or two observers participated or one or both instruments were used. All the observations entered in Table I were made at the Royal Observatory near Cape Town. * Observations were made from time to time at other places, but these have not been used. These observations indicate that the night sky at the Royal Observatory is somewhat brighter than at the other places (in the country and remote from towns) at which observations were made. The difference in bright ness is no doubt to be attributed to general illumination from the city lights of Cape Town. There is no reason to suppose that the disturbing offect will have a systematic variation throughout the year or from year to year, and the conclusions drawn from the analysis of the Cape observa tions are not likely to be affected by it. Table I summarizes the observations secured at the three stations. The mean values for each lunation and for each component are given, together with the number of nights on which each mean value depends. The average number of nights per lunation on which observations were obtained is 9 each for Terling and Canberra and 15 for the Cape. In the preliminary discussion referred to above, it was found that there is a well-marked variation in the brightness of the night sky with a sixmonthly period, in addition to the annual variation and secular change previously found by Lord Rayleigh. Analysis by successive approxi mation is the only method possible when secular variations of an irregular nature are present. The results given in Table I were therefore analysed in the following manner.
If Xr, Xr + 1 denote the brightness of the night sky, freed from the effects of the annual and semi-annual variations, at the mid-points of two consecutive years, it was assumed in the first place that the brightness at any intermediate time could be represented by linear interpolation. Thus, at a fraction qo f a year from the epoch of Xr it is assum brightness can be expressed by p \ + #Xr + 1 + ax cos 0 -f a2 sin 0 + where p + q = 1 and 0 is measured from the beginning of the year and is equal to
This expression necessarily gives only an approximation to the true values, as the secular change in the brightness is not linear throughout the year. By representation in this way, however, no discontinuities are introduced such as there would be if, for instance, the value Xr were used throughout one year and Xr + 1 throughout the succeeding year.
The above expression being accepted as a provisional representation o f the observations, equations of condition can be written down by equating this expression to the observed brightness at each epoch given in Table I . The red, auroral, and blue values for each station must necessarily be dealt with separately. For any station and component, the equations o f condition can be combined into normal equations, with weights equal to the numbers of nights on which observations were secured during the lunation, and solved to give the coefficients al9 a 2 of the annual terms, bl9 b2 of the semi-annual terms, and the X's, the mean values at the middle of each year.
It should be noted that each X as so derived gives the value of the nightsky brightness (when freed from the periodic variations) at the mid-point of a certain year and not the mean value during the year. The best value to adopt as the mean value of the brightness during the year is
(Xr _ 1 + xr + 2) + £ xr
For a second approximation, the values of the annual and semi annual components were computed for the epochs given in Table I , using the values of the coefficients al9 a 2, b2 derived in the first approxi mation. These computed values were subtracted from the total bright ness given in Table I . The resulting values were plotted for each com ponent at each station, and smooth curves were drawn to represent as closely as possible the general variation in brightness, without following in detail the short-period fluctuations. The curves so drawn were accepted as giving the most satisfactory general representation of the secular changes. The curves certainly provide a much closer general representa tion of the fluctuations in the mean brightness than the series of straight lines joining points representing the values at the mid-points of successive years, which formed the basis for the first approximation. It must be admitted that there is necessarily a certain degree of arbitrariness in drawing the smoothed curves; it is assumed that in addition to the periodic variations, there is a general long-period secular variation on which are superposed irregular short-period fluctuations. The arbitrariness lies in the extent to which the more rapid variations are smoothed out. In general, rapid irregular variations have been ignored, but any clearly marked fluctuation has been taken into account. As a guide in smoothing out the rapid variations, the means of each three consecutive points were plotted.
The arbitrariness in drawing the curve representing the general secular change in brightness is practically without effect on the derived values of the annual and semi-annual terms, but enters mainly into the mean annual brightness, from which the effects of these terms are eliminated.
In order to determine final values of the coefficients of the annual and semi-annual terms, the secular fluctuations for each of the epochs given in Table I were read off from the smoothed curves drawn in the way explained above. The values so read off were subtracted from the mean values of the observed brightness given in Table I and were formed for the determination of the definitive values of the coefficients of the periodic terms. In order to have a control over the reality of these terms, and in view of the possibility that the amplitudes of the periodic changes may themselves fluctuate, the normal equations were further divided into several groups, chosen so as to give approximately equal weights to the determinations. The coefficients determined from short groups may be appreciably affected by one or two outstanding values of the brightness. The existence of irregular fluctuations of short duration, lasting possibly for a few weeks but with no definite period, is clearly shown by the observations. Further solutions were therefore also made for combinations of groups as indicated below.
The Periodic Variations
The periodic terms are expressed in the following form s:-
Semi-annual term bx cos 20 + b2 sin 20 = B sin (20
The values of alf a2, blf b2, A, a, B, (3 are given in Table II for each group and for the combined groups. The relative weights of the determinations of alf a2, b±, b2 in the combined solution are also given, the probable error corresponding to unit weight being that of a single observation. The Cape amplitudes are given to one decimal place more than the Terling and Canberra amplitudes, because of their smaller magnitude, greater weight, and lower probable error per unit weight ( infra). To estimate whether the variations in the coefficients from group to group are real or accidental, an estimate of the probable errors of the determinations is necessary. The probable error of a single observation was derived by comparing independent and practically simultaneous observations by Dr. Spencer Jones and Mr. Woodgate, observing some times with the same instrument and at other times using two instruments and then interchanging them. Allowing for the personal difference between the two observers, the probable error of a single observation was found to be about ±0-2 intervals. More important than the actual error of observation is the spasmodic variation from night to night. Superposed on the long-period fluctuation in brightness and the more or less regular periodic changes, there are short-period fluctuations which can be treated as accidental variations. From the residuals left after The observations of the auroral component were divided into four groups as follows :-I, 1923 -5 to 1925 II, 1925 II, -5 to 1928 III, 1928 III, -5 to 1931 IV, 1931 IV, -5 to 1934 . The groups are approximately of equal weight.
For the blue and red components, group I is m issing; group II extends from 1927-0 to 1928-5; groups III and IV have the same extent as for the auroral component. The observations for all three components were divided into four groups as follows :-I, 1925 -8 to 1927 II, 1927 II, -5 to 1929 III, 1929 III, *5 to 1931 IV, 1931*5 to 1934*0. The total weights of groups I and II are about equal; the total weights of groups III and IV are also about equal and approximately two-thirds the weights of groups I and II. The observations for all three components were divided into four groups as follows :-I, 1925 *8 to 1927 II, 1927 II, *5 to 1929 III, 1929 III, *5 to 1931 IV, 1931 *5 to 1933*1. W ith the exception of the last group, the Cape groups therefore cover the same times as the corre sponding Canberra groups. Groups I, II, and III are of approximately equal weight; group IV has about two-thirds the weight of the other groups. subtracting the long-period fluctuation and the periodic variations from the observed values, the probable errors given in Table III were derived.
Lord Rayleigh and H. S. Jones These figures give the true estimates of the probable errors per unit weight in the above solutions. It will be seen that the actual error of observation is but a snjall part of the total accidental error. The spasmodic variations are greatest at Terling and least at the Cape in each co-ordinate; also the variations are greatest in the auroral component at each station, whilst the variations in the blue and red do not differ greatly, though all three stations show rather lower values for blue than for red.
Based on these values, the approximate probable errors of the coefficients alt a 2, bl9 b2 for the four groups and for the combined series and for each station are given in Table IV . The probable errors for the blue and red components have been assumed equal, which is sufficiently accurate for the present purpose. i  II  III  IV  All  I  II  III  IV  All  at ±0-22 ±0-22 ±0-22 ±0-22 ± 0 1 1 -±0-22 ±0-20 ±0*20 ± 0 1 2 #2 ±0-13 ±0-13 ± 0 1 3 ± 0 1 3 ± 0 07 -± 0 1 1 ± 0 1 0 ± 0 1 0 ± 0 06 bi ± 0 1 7 ±0-17 ±0-17 ±0-17 ± 0 09 -± 0 1 5 ± 0 1 4 ± 0 1 4 ± 0 0 9 b* ± 0 1 5 ± 0 1 5 ± 0 1 5 ± 0 1 5 ± 0 08 -± 0 1 4 ± 0 1 3 ± 0 1 3 ± 0 07 Canberra ± 0 1 0 ± 0 1 0 ± 0 12 ± 0 1 2 ± 0 05 ±0-07 ± 0 0 7 ± 0 09 ± 0 0 9 ± 0 04 a2 ±0-09 ± 0 0 9 ± 0 1 1 ± 0 1 1 ± 0 05 ± 0 07 ± 0 0 7 ± 0 08 ± 0 0 8 ± 0 04 bi ± 0 0 9 ± 0 09 ± 0 1 1 ± 0 1 1 ± 0 05 ± 0 0 7 ± 0 0 7 ± 0 0 8 ± 0 0 8 ± 0 04 b* ±0-09 ± 0 09 ± 0 1 1 ± 0 1 1 ± 0 0 5 ± 0 07 ± 0 07 ± 0 0 8 ± 0 08 ± 0 04
Cape (*i ± 0 07 ± 0 07 ± 0 07 ± 0 08 ± 0 035 ± 0 0 5 ± 0 0 5 ± 0 0 6 ± 0 0 6 ± 0 027 a2 ± 0 0 6 ± 0 06 ± 0 06 ± 0 08 ± 0 031 ± 0 0 5 ± 0 05 ± 0 06 ± 0 0 6 ± 0 024 bi ± 0 06 ± 0 06 ± 0 0 6 ± 0 0 7 ± 0 031 ± 0 0 5 ± 0 0 5 ± 0 06 ± 0 06 ± 0 024 b2 ± 0 06 ± 0 06 ± 0 06 ± 0 07 ± 0 030 ± 0 0 4 ± 0 04 ± 0 0 6 ± 0 0 6 ± 0 023
With the above probable errors as a guide, the differences in the coefficients from group to group are of the order that is to be anticipated. It may be concluded that the variations in the derived values are of an accidental nature; there is no evidence of systematic change in the amplitudes of either the annual or semi-annual terms at any of the three stations, such as would be anticipated if these variations were correlated in any way with any fluctuating phenomenon such as sun-spot activity. The values derived from the combined material may therefore be regarded as giving the best determination available of the periodic variations at the three stations. These results are summarized in Table V . he following comments may be made on the results summarized above.
(1) The amplitude of the annual variation is greater at Terling than at Canberra, and is greater at Canberra than at the Cape, in each of the three spectral regions. The average of the ratios of the amplitudes at the three stations are 1 *00: 0-44: 0-20, The ratios Cape/Terling for the three components agree well within the limits of probable error. At Canberra, however, the variation in the blue region appears to be relatively small and in the red region relatively large; reference to Table  116 will show that the ampltitude of the blue variation was consistently low and that of the red variation was consistently high in each of the four sub-groups. There is thus some justification for the conclusion that the amplitudes of the annual variations in the three spectral regions are not in constant ratios at all places.
(2) The phases of the annual term at Canberra and Terling differ by approximately 180°. This result by itself might appear to indicate that the annual variation reverses its phase from the northern (geographical or geomagnetic hemisphere) to the southern, becoming insignificant near the equator. The Cape results show that matters are not so simple. In the auroral region, the annual variation term at the Cape has nearly its maximum value at the time when it is zero at Terling and Canberra. For the blue component, the small amplitudes of the variation make the phase angles more uncertain but, in view of the size of the probable errors of the phase angles, the same statement seems to hold approximately for this component also. The red component behaves differently and the phase angles of the annual variations in this component at the Cape and Canberra are in approximate agreement. These results appear to indicate that the phase angles of the variations do not depend merely upon latitude (whether measured from the geographical or the magnetic equator), but that they are also related in some way to the longitude of the station. Observations at a large number of stations would be necessary to elucidate the precise nature of this relationship.
(3) The amplitude of the semi-annual term shows much smaller variations from station to station than that of the annual term. The average of the ratios of the amplitudes in the three components at the Terling, Canberra, and Cape stations respectively are 1-0: 1*0:0*7. When the probable errors are considered, the observations do not exclude the possibility that the amplitudes may be the same at the three stations in any one component. The balance of the evidence is, nevertheless, in support of the conclusion that the amplitude of the six-monthly variation is really less at the Cape than at the other stations.
(4) The phase relationships for the six-monthly term are different from those for the annual term. There is a rough general agreement between the phase angles at the three stations of the six-monthly variation in each component. At each station, however, there are marked differences between the phase angles for the three components; if the uncertain value for the blue component at Terling is omitted, the phase angles are smaller for the blue component and larger for the auroral component at each station.
(5) The ratios of the variations in the different spectral regions are not the same for the annual and semi-annual components. The values given in Table VI are obtained. The last column is the weighted mean of the three preceding columns and gives the mean ratios on the doubtful assumptions that the differences between the figures in the preceding columns are accidental in nature. It will be noticed that the six-monthly variation is relatively more important in the auroral region than in the other regions.
Summing up these results, the amplitude of the annual variation varies considerably from one station to another, and near the magnetic equator it would presumably be negligibly small. The amplitude of the semi annual variation, on the other hand, shows little variation from one station to another. The variations in the blue region are always the smallest and the semi-annual component is most clearly seen in the auroral region.
The The two poles are therefore only about 159° from one another. Table VI Blue/Auroral .... Terling is 43° from the north magnetic pole, Canberra is 38° from the south magnetic pole, the Cape is 69° from the south magnetic pole. Thus whilst the Cape and Canberra are at approximately equal distances from the geographical equator, Terling and Canberra are at approxi mately equal distances from the magnetic equator. If, therefore, the variations in the brightness of the night sky are in any way connected with terrestrial magnetic phenomena, they would appear to depend not only upon the distance from the magnetic equator but also upon the distance from the geographical equator. For the three stations under consideration, the relative variations are approximately portional to the square of the product of these angular distances.
Annual Variation

Terling
The Long-Period Variation
In the first solution, the values at the mid-point of each year are derived. It may be of interest to tabulate the results given by the analysis.
The extreme values in Table VII in each case are necessarily extra polations and are therefore correspondingly uncertain.
From these values at the mid-point of each year, the mean yearly values can be inferred from the formula £ + ^r + i) + £ where \ _ 15 Ar + 1 are the values at the middle of three consecutive years. In this way the preliminary yearly values given in Table VIII were derived.
As explained above, the final values of the periodic variations were derived by subtracting from the observed brightness the long-period fluctuations read off from a smoothed curve. This curve was drawn to represent as closely as possible the observations, after subtracting the periodic terms, the more rapid variations being neglected in drawing these curves. From these smoothed curves, values at intervals of 0 • 1 year were read off and mean values throughout the year were derived. These values were accepted as giving the best representation of the mean brightness during .a year. They are given in Table IX . It will be seen that the changes from the preliminary values contained in Table VIII are, in general, small, notwithstanding the wide difference in the methods of deriving the values in Tables VIII and IX . The probable errors of the values given in Table IX are determined from the probable errors of a single observation to be approximately:- Terling ............................ ±013  ±0 09  ±009  C anb erra........................ ±0-10 ±0-07 ±008 Cape ................................ ± 0 06 ± 0 04 ±004
Long-Period Fluctuations and Sun-spot A ctivity
The Terling auroral series is the longest continued series of observa tions. The mean annual values show a general rise from 1924 to 1929, followed by a progressive fall continuing to 1933. A possible connection with the sun-spot period is suggested. There was a sun-spot minimum in 1923, a maximum in 1928, and a further minimum in 1933. The mean daily area of sun-spots, expressed in units of one-thousandth of the sun's visible hemisphere, are given for the years 1924 to 1933 in Table X , based upon measures at Greenwich of solar photographs obtained at the Royal Observatories at Greenwich and the Cape of Good Hope, which normally cover every day of the year. In order to test the connection between mean night-sky brightness and mean sun-spot area, correlation coefficients were derived for each station and each component, to represent the correlation between the quantities under consideration. The results are given in Table XI . .......................... +0*60 +0-45 + 0 12 Canberra............................ +0- .............................. +0- The correlation coefficients are all positive; but it is only for the auroral component that a well-marked correlation is shown at all three stations. The Terling results are the most convincing because the observations cover both a period of increasing and a period of decreasing spot activity. The Canberra and the Cape series both commenced near sunspot maximum and the period under discussion ends at sunspot minimum. Under these conditions, any progressive change in the instrument, in the conditions of observation, or in the scattered light from neighbouring artificial lights would result in an apparent correlation with the mean sun-spot areas. It may be remarked, however, that instrumental changes, such as a decrease in the luminosity of the radioactive material used as a standard of comparison or a progressive rotation of the tube containing it causing incomplete presentation of the source, would lead to an apparent increase in the observed brightness. Any change in possible effects due to artificial illumination would also probably lead to an increase rather than to a decrease in the observed brightness. The general tendency would therefore be for any such effects, whether instrumental or other wise, to lead to a negative correlation coefficient.
It may be noted that the correlation for the auroral component is most marked at the Cape, where the accidental fluctuations are relatively small, and least marked at Terling, where the accidental fluctuations are largest. The correlation between the Cape auroral values and the mean spot areas is surprisingly close. It is of interest to show the comparison between the observed brightness and the values computed from a formula of the form a + bS, where S denotes the mean sun-spot area. The last sun-spot maximum was relatively flat, with a temporary decrease between 1926 and 1928. It will be seen that the Cape auroral values show a maximum in 1928, nearly equal values in 1926 and 1929, a decrease in 1927, a sudden drop from 1929 to 1930 and a more gradual decrease from 1930 to 1932. The mean sun-spot areas show precisely the same changes. So close a similarity, though no doubt due in some measure to chance, can scarcely be considered as entirely accidental.
The Cape observations lead to high correlation coefficients for the blue and red components as well as for the auroral; but so marked a correlation is not shown by either the Terling or the Canberra series. The Terling observations give a moderate correlation for the blue com ponent. For the red component at Terling and both blue and red com ponents at Canberra the correlation coefficients are positive but are too small to be significant. The difference in the results for the three stations for the blue and red components suggests that the correlation indicated by the Cape observations may be spurious. The large correlation coefficients obtained are due to the mean values for the three years 1930 to 1932 being appreciably smaller than the mean values for the three years 1926 to 1928, and this decrease correlates with the decrease in sun-spot activity. For the other two stations no such systematic differ ence is found, though the differences between the annual mean values are greater than would be expected from the probable errors given above. The probable errors of the Cape annual means are appreciably smaller than those of the other two stations, partly on account of the larger number of observations and partly on account of the smaller accidental fluctuations. The evidence of the Cape series in favour of cprrelation between the blue and red components and the sun-spot activity, bearing in mind that the total variation for these components is considerably smaller than that for the auroral component, is therefore entitled to considerable weight, even in face of the apparent lack of confirmation from the other stations. Further observations are desirable in order better to substantiate this conclusion.
The correlation-coefficients between the annual mean values at the three observatories were also derived. They are given in Table XIII . .......... ......... +0-52 +0-26 + 0 09 Canberra-Cape ___ ......... +0-83 0 0 0 -0 -2 2
Again it will be noticed that in the auroral region there is well-marked correlation between the values at the three observatories. The only other correlation which appears to be significant is the correlation between Terling and Canberra in the blue region. In view of the small number of annual values to be correlated, the remaining coefficients in Table  XIII do not appear to have any significance.
Correlation between Components at the Same Station
The extent of the correlation between simultaneous observations of brightness in the three spectral regions at the same station was examined by using the mean values from the observations during each lunation. The periodic terms were first eliminated; the residuals which were used to test the correlation therefore contained the long-period variation and the irregular fluctuations. The mean values of each of two components were derived for intervals of 0-2 scale units of the third component.
For any two components, two lines of regression were derived by least squares solution from the groupings according to each component in turn. From the two lines of regression, the correlation coefficient and the relative dispersions in the two regions were derived in the ordinary way. The results are given in Table XIV . ..................  +0-63  +0-68  +0-67  Canberra.................. ....................  0-76  0-81  Cape ........................ 
0-75 0-82
The relative dispersions derived in this way are in good agreement with the values for the probable errors of a single observation at the three stations and in the three components, as given in Table III. The correlation coefficients between the brightness in different spectral regions are based upon a considerable number of observations. The coefficients are all positive and range in value from 0 *49 to 0 *75, indicating a considerable degree of correlation between the values of the brightness in the three regions; a high value in one region tends to be accompanied by a high value in the other two regions and conversely. The correlations between the brightness in the three regions seem to be approximately the same for each station; the mean correlation-coefficients between each pair of regions differ by quantities which are of the order of the probable errors to which each coefficient is liable.
If the corresponding correlations between each pair of regions are worked out, using the mean yearly values given in Table IX, the correlation  coefficients have different values, as shown in Table XV .
It will be seen that, on the whole, the correlation coefficients derived in this way are smaller than those derived previously both for Terling and Canberra but are larger than the previous values for the Cape. It will be remembered that the mean annual values were obtained by smoothing out the short-period fluctuations. These are considerably larger at Terling and Canberra than at the Cape. It appears, therefore, that for both Terling and Canberra the correlations between the rapid fluctuations in the brightness in the different spectral regions are some what more marked than the correlations between the slow-or long-period variations. For the Cape, the rapid fluctuations are much smaller both absolutely and relatively to the long-period variations, and the correlations between the long-period variations are rather more marked than the correlations between the combined long-and short-period variations. The correlation coefficients between each pair of stations and for each spectral region separately were computed also, using the mean values for each lunation, freed from the effects of the periodic components. The results are given in Table XVI . When compared with the correlation coefficients based on the annual mean values, given in Table XIII , it will be noticed that the correlations are much less marked when computed in this way. The two largest values are for Terling-Canberra, red, and for Canberra-Cape, auroral, which were also the two largest values in Table XV . None of the other coeffic ients can be regarded as having very much significance.
The result indicates that though the brightness in the auroral region at the three stations shows a strong correlation when the short-period fluctuations are eliminated, the correlation is much less marked when these are not eliminated. The conclusion is that there is no correlation between the short-period variations at the three stations; these variations at different stations have no common cause but are due in some way to changes in local conditions. VOL. CLI.-A.
P ossible Connection with Terrestrial M agnetic A ctivity
The well-marked correlation which has been shown to exist between the mean yearly brightness in the auroral region and the mean sun-spot activity suggests that there may possibly be a connection between the auroral brightness and the magnetic condition of the day, as indicated, for instance, by the International Magnetic Character figures. The conclusion reached in the last paragraph, that the short-period fluctuations at the three stations are not correlated with one another, indicates that a possible connection is likely to be concealed by these fluctuations. As the fluctuations are smallest at the Cape, an examination of these results was made first, with the intention that any marked connection which might be found would be checked from the results obtained at the other two stations. The Cape results have the further advantage for this purpose that the number per year is larger than for the other stations.
Magnetic disturbances and sun-spots both show a tendency to recur after an interval of about 27 days. The Cape observations were therefore arranged in a table with 27 columns. Commencing with the first observation on October 8, 1925, the observed auroral brightness on the nights from October 8 to November 3, on which observations were possible, were entered in the first line in the appropriate columns. The observations from November 4 to November 30 were similarly entered in the second line and so on throughout the series. Any tendency for a 27-day recurrence period would be shown by a tendency for high values or low values to be ranged in vertical columns. The table contains many gaps, corresponding to the periods around full moon, when observations are impossible, or due at other times to cloudy conditions. The conditions for the detection of a recurrence tendency are conse quently not particularly favourable. The table did not show any clear evidence of such a tendency. As it seemed possible that the presence of the twelve-monthly and six-monthly periodic variations and of the longperiod variation might obscure the evidence for recurrence, another table was prepared in which the residuals, obtained by subtracting the periodic variations and the long-period fluctuation from the observed values, were used. The table constructed in this way showed no evidence at all of a recurrence of high or low values after an interval of 27 days. It may be concluded that if there is any tendency to such recurrence, it is too small to be capable of detection in this way.
As a second endeavour to find a connection between the variations of night-sky brightness in the auroral region and terrestrial magnetic variations, a list was prepared of all magnetic disturbances at Greenwich with a range of amplitude in declination greater than 15 minutes of arc during the period covered by the observations. The observations for each date were examined and a note was made whether the observed brightness was greater than, approximately equal to, or below the average value for the lunation. By comparing with the average value for the lunation, any possible disturbing effects which are common to a period of several days are automatically eliminated. There were about as many nights when magnetic conditions were disturbed with the brightness below as there were with the brightness above normal. Thus again no evidence was found of any correlation between the two phenomena.
A further test was made by collecting the observations secured on any of the days selected at the de Bilt Observatory as the international quiet days or the international disturbed days, and taking the mean value for each year of the observations obtained on such days, and on the days preceding or following. The results so obtained are summarized in Table XVII . Table XVII- A disturbance frequently extends over two days, so that there is a tendency for the international disturbed days to be preceded or followed by a disturbed d ay ; also for a quiet day to be preceded or followed by a quiet day. Table XVII shows that the mean values of the brightness for the disturbed days and the days preceding and following are greater than the mean values for the quiet days and the preceding and following days. The effect is more pronounced in the years 1925 to 1929 when the sun-spot activity was high than in the years 1930 to 1932 when it was low. This is in accordance with what one might expect if there is any connection between the phenomena, for the years of low sun-spot activity are much quieter magnetically than the years of high sun-spot activity, and the contrast between the international quiet and disturbed days (4 days each month being selected as the least disturbed and 4 days as the most dis turbed) is much greater at times of high sun-spot activity than at times of low sun-spot activity. The results given in Table XVII appear to indicate a systematic tendency to a greater brightness on disturbed days than on quiet days. The bottom line gives the mean values, each year being given equal weight to eliminate the long-period variation. The mean difference is not large, so that the effect is not strongly marked. The observations at Terling and Canberra are not sufficiently numerous, bearing in mind the larger accidental fluctuations at these stations, to test this conclusion further, though it is to be anticipated that the effect will prove to be more strongly marked at those stations.
Comparison of A bsolute Intensities at the Three Stations
In all the preceding discussion the results used have been the observed values reduced to the basis of instrument RU for Terling, instrument 10 for Canberra, and instrument 1 for the Cape. These may be reduced to the common master standard O for direct comparison between the mean absolute intensities at the three stations.
To make this comparison of value, allowance must be made for the effect on the observed values at the Cape Observatory of the lights of Cape Town. From the Observatory, the sky appears distinctly brighter near the western horizon on account of scattered light from the city. Observations were always obtained in a direction away from the city, and it was not anticipated that the observed values would be appreciably affected by the proximity of the city. A series of observations obtained in December 1926, away from Cape Town and free from any possible disturbing effect due to artificial illuminations, showed discontinuity with the observations made at the Observatory at each end of the series. By taking the mean value of the observations made away from Cape Town and comparing with the mean value of the observations made during the same lunation (but necessarily on different nights) at the Observatory, an approximate value of the correction to the Cape observations to allow for the disturbing effect of artificial illumination was derived. In June and July 1927, a further opportunity occurred of making a similar comparison. In the latter period some observations were also secured by Mr. Woodgate with instrument No. 1 at the Observatory on nights that observations were secured by Dr. Spencer Jones with instrument No. 11 away from Cape Town. Allowing for the personal difference between the two observers and for the correction required to reduce the observations with instrument No. 11 to the basis of instrument No. 1, a further determination of the correction is possible.
The results for the three separate determinations of the corrections to be applied to the Cape observations to eliminate the local effect produced by surrounding artificial lights are given in Table XVIII . ...............................  -1*35  -2 -3 1  -2 -2 1  June, July 1927 ...................................' -1 Since one scale unit corresponds to an opacity of (2)J, it follows that, for the portion of the sky observed, the observed night-sky brightness is greater than the brightness when the effect of artificial light is subtracted in the ratio 1 • 32 for the auroral region, 1 • 57 for the blue region, and 1 • 52 for the red region. The effect is greater than would have been anticipated, bearing in mind that Cape Town is not a large city, that the Observatory is about four miles from the centre of the city, and that the observations were taken in a portion of the sky away from the city.
No convenient opportunity occurred of making further comparisons between the brightness at the Cape Observatory and at an adjacent place sufficiently distant to be free from any disturbance due to artificial light. The question arises whether it is justifiable to use the above corrections throughout the period covered by the Cape observations. Improvements in the lighting of some of the principal streets in the city were effected in the course of these observations, but subsequent to 1927; these were not sufficient to produce any noticeable increase in brightness of the glow over the city, as seen from the Observatory. If these improvements in lighting had any effect on the night-sky observations at the Cape Observa tory, it would have been in the direction of producing increases in the observed brightness. We have seen that the mean brightness decreased subsequently to 1927, and the only possible effect of any increase in scattered artificial light would have been to make the decrease in the last few years of observation less than it would otherwise have been. The results tabulated in Table IX do not suggest that any such effect has been appreciable. It does not seem that any serious error is likely to result by applying the corrections derived above to all the Cape observa tions. . Table XIX were applied for reducing the observations to the basis of the master standard. Applying these . 1 (Cape) ............... -0 -3 0 0 0 0 -0 -4 0 Instrument No. 10 (Canberra) .......
The corrections given in
-0 -9 0 -0 -6 0 -0*90 Instrument RU (Terling) ............... -116 -0*30 -1*30 corrections to the annual mean observed night-sky brightness, freed from the effects of the periodic values, and applying the corrections to eliminate the disturbing effects of artificial lights from the Cape observa tions, the differences of the mean values at each station from the mean of the three stations are given in Table XX . It will be noticed that the brightness is greatest at Terling and least at the Cape, with the exception that the mean brightness in the blue region is higher for Canberra than for Terling. It appears that the mean bright ness tends to be greatest where the variations in brightness are largest and conversely. The differences between the three components appear to be accidental, and it may be said that the mean brightness of the night sky in any of the three spectral regions is about 30% greater at Terling than at the Cape and about 22% greater at Canberra than at the Cape. The statement in an earlier paper* that the auroral light may be a little brighter in South Africa than in England was based upon observations made at the Cape Observatory before the effect of artificial lights was realized.
In considering the above comparisons between the mean values at the three stations over a period of several years, it is necessary to keep in mind that though the instruments have been reduced to a common standard, this has not been possible for the observers. For the two observers at the Cape, the systematic difference was 0 • 2 units for the auroral and blue regions and 0*3 units in the opposite sense for the red region. These differences are appreciably smaller than the differences between Terling * ' Proc. Roy. Soc.,' A, vol. 106, p. 135 (1924) . and the Cape, but in the absence of further information it is not known within what limits the personal equations of other observers may range.
Summary
Observations of brightness of the night sky obtained at Terling (1923 ( -34), Canberra (1925 and the Cape , in three regions of the spectrum, viz., around the green auroral line, in the blue and in the red, have been analysed.
Definite periodic variations, with periods of twelve and six months, are detected in the observations at each station. The yearly variation is largest at Terling and smallest at the C ape; the six-monthly variation, on the other hand, has approximately the same amplitude at the three stations. The yearly component appears to be dependent both upon magnetic and geographical latitude and would presumably be negligibly small near the equator.
The amplitudes of the annual variation in the auroral and red regions are approximately equal; the amplitude in the blue region is much smaller.
The amplitude of the six-monthly variation at all three stations is largest in the auroral region and smallest in the blue region.
Superposed on the periodic variations, there is a slow variation in mean brightness together with irregular fluctuations. The irregular fluctuations are largest at Terling and least at the Cape. There does not appear to be any definite correlation between these irregular fluctuations at the three stations, indicating that they have no common origin. There are, however, close correlations between the irregular fluctuations in the three spectral regions at any one station.
The slow variation is most clearly defined in the auroral component. A strong correlation between the mean yearly values and the mean yearly sun-spot areas is shown by all three stations. The Terling series is particularly valuable as it extends over a complete sun-spot cycle. There are also indications, though not so clearly shown, of correlation between the variations in the blue and red regions and the variations in sun-spot activity.
Attempts to trace a relationship between the night-sky brightness and magnetic activity have not proved very successful. There is some evidence that, in the mean, the brightness is greater in the auroral region on days which are disturbed magnetically than on days which are quiet.
The mean absolute intensities at the three stations in any one component are comparable in magnitude but tend to be highest at Terling and lowest at the Cape.
